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Surfactant mediated extractions are analogous to liquid-liquid extractions (LLE) 
except surfactants are used as extractants instead of organic solvents. The benefit for 
using surfactants for extractions includes lower toxicity, lower associated costs and direct 
compatibility with high performance liquid chromatography techniques. 
In this study, a novel immobilized surfactant extraction method was developed. 
In this method, the cationic alklytrimethylamrnonium surfactants are immobilized onto a 
strong cationic exchange resin through ion exchange. This surfactant-resin material is 
placed in a column and aqueous solutions containing analytes are passed through. The 
analytes are retained by the long carbon chain of the surfactant molecules and by the 
sulfonic acid group site on the cationic resin. By adding saturated sodium chloride 
solution, the resin is converted into the sodium form, and the analytes and surfactant 
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molecules subsequently elute from the column. The solution is collected. By adding an 
appropriate amount of cosurfactant to the solution, a biphasic solution forms, consisting 
of aqueous and surfactant rich layers. Almost all the surfactant molecules trapped with 
analytes will move to the upper surfactant rich phase. The analytes are concentrated in 
this manner. An aliquot of the surfactant-rich phase is then injected into a high 
performance liquid chromatograph for analysis. 
In this research work, the surfactant molecules were confirmed to be bounded on 
ion exchange resin readily. The relationship between the amount of surfactant bounded 
on resin and the exchange reaction time was determined. The resin mesh size, resin 
pretreating time, and sample flow rate were investigated. The effectiveness of this 
procedure was tested using seven chlorophenols as trace samples. The recoveries for 
selected chlorophenols were as high as 90 percent. The detection limits were as low as 
10-parts-per billion. The effect of water hardness on the extraction efficiency was also 
investigated. The possible mechanism of this novel extraction technique is discussed. 
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CHAPTER I 
INTRODUCTION 
A. Liquid-liquid extraction method (LLE) 
1. Background 
Liquid-liquid extraction (LLE) is a traditional separation and purification 
technique. It can be used to achieve a preliminary separation prior to a final purification 
step. Separation of components by liquid-liquid extraction depends on the difference in 
solubility of a compound in two mutually insoluble phases. Mathematical aspects of LLE 
are formulated in terms of a simple distribution law, K = Ca / Cb, which states that at 
equilibrium a solute will distribute itself between two immiscible phases, a and b. such 
that the ratio of concentration (C) in the two phases is a constant at a given temperature. 
The constant K is called partition or distribution coefficient14. If a substance dissolved in 
solvent b is to be extracted into a second solvent (a), it is obviously advantageous to 
choose a solvent such that the value of K will be as large as possible. Unfortunately, 
there is no sure way of predicting K, and chemists rely on the rule that "like dissolves 
like" and previous experience in selecting the best solvent system for an efficient 
extraction. 
1 
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2. Apparatus for liquid-liquid extraction 
The simplest liquid-liquid extraction apparatus is the separator}' funnel. However 
if the number of simple extractions required is large, a continuous extraction procedure 
may be employed by using continuous liquid-liquid extraction or a Soxhlet extractor.1'2 
3. Disadvantages in liquid-liquid extraction 
Liquid-liquid extractions involve the use of cumbersome glassware. Organic 
solvents are intensively used in liquid-liquid extractions, and sometimes the volume 
needed is large. Organic solvents are toxic, flammable, hazardous and expensive. 
Furthermore, liquid-liquid extractions are not easily automated. The extraction of 
analytes from sample solutions without the use organic solvent is a current trend in 
sample preparation. 
B. Solid phase extraction method (SPE) 
1. Background 
Solid-phase extraction (SPE) is a method of sample preparation that concentrates 
and purifies analytes from solution by sorption onto a disposable solid-phase cartridge. 
The analyte is subsequently desorbed with a suitably organic solvent. As preciously 
stated, difficulties with LLE include using large amounts of organic solvent and 
cumbersome glassware. These difficulties are overcome with solid phase extraction. The 
goal of SPE is to quantitatively remove the analytes from solution and completely recover 
it in an appropriate solvent or a solvent mixture. 
Currently, SPE is replacing liquid-liquid extraction because it is a simple method. 
The benefits of SPE include high recoveries of analytes, purified extracts, ease of 
automation,3 compatibility with chromatographic analysis (normally by HPLC, GC or 
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GC/MS), and reduction in the consumption of organic solvents. As a result of the 
flexibility that SPE offers, it has found many applications in the preparation of 
environmental,4 clinical,5' 6 and pharmaceutical samples.7' 8' 9' 10 Examples include the 
concentration of trace organic 
pollutants from water,11 the isolation of drugs of abuse from blood and urine, and the 
extraction of organic compounds from food and beverages.12'13 
2. Solid phase extraction procedure 
The general procedure for SPE is shown below.14 A four-step process is required 
for SPE. 
Step 1: The solid phase sorbent is conditioned. This simply means the solvent 
passes through the sorbent to wet the packing material. The air present in the column is 
removed and the void space is filled with solvent. Typically, the solvent is methanol, 
which is then followed by water or an aqueous buffer. 
Step 2: The sample and analytes are applied to the column. This step is the 
retention or loading step. 
Step 3: The column is rinsed of interference while retaining the analyte by 
appropriate selection of solvent. 
Step 4: The analytes are then eluted from the sorbent with an appropriate organic 
solvent that is specially chosen to disrupt the analyte-sorbent interaction, resulting in 
elution of the analytes. The eluting solvent should remove as little as possible of the 
other substance sorbed on the column. There is an alternate approach where the 
interference is sorbed and the analytes pass through the column. In this case, the method 
is terminated at step 2. 
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Figure 1. General procedures for SPE. 14 
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3. Theory of Sorption and Partition for SPE 
There are three principle mechanisms of separation and isolation in solid-phase 
extraction (SPE). They are reversed phase, normal phase, and ion exchange. During the 
SPE process, the SPE solvent retains the solutes as the sample passes through. This step 
is followed by elution of the analyte with an appropriate organic solvent. The SPE is a 
simple on/off type of liquid chromatography;15 the advantage of its use lies in its ability to 
turn the retention switch on and off. The analyte is isolated from the solution during the 
sorption phase and is eluted from the sorbent in a more concentrated and, usually, more 
pure form. 
For reverse phase and normal phase, typically the SPE sorbent consists of a 40- to 
60-}am silica particle (silica gel) onto which a liquid phase is chemically bonded. Silica 
gel can not be used directly with aqueous solvent mixtures because water deactivates the 
silica to such an extent that it has only weak interactions with most substances during the 
isolation process - so weak, in fact, that there is essentially no retention. Thus it is 
necessary for the silica surface to be made hydrophobic in nature for it to be functional 
with aqueous solvents. For reverse phase SPE, the mechanism involves the partitioning 
of organic solutes from a polar mobile phase, such as water, into stationary nonpolar 
phase. Common reverse phase sorbents contain C-8 or C-18 moietes. The mechanism of 
normal phase SPE is controversial. Common normal phase sorbents contain amino, 
cyano groups. 
Although literature chiefly examines bonded-phase SPE sorbents, there are 
applications of organic polymers as important phases for SPE. The two most common 
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sorbents are styrene-divinylbenzene (SDB) and activated carbon. Typically they have 
large surface areas (600-1200 m2/g). Generally speaking the greater the surface area, the 
greater the capacity of the sorbent to trap trace amounts of organic compounds. 
Furthermore, the aromatic rings of the matrix network permit electron-donor interactions 
between the sorbent and the tt bonds of the solute, which may further increase analyte-
sorbent interactions, thus increasing the energy of sorption. Thus, polymeric sorbents are 
more retentive than the C-l 8 reverse phase sorbents. Furthermore, the polymeric sorbents 
are often "doped" with a hydrophilic group, such as sulfonic acid, to enhance water 
movement into the sorbent and to improve the mass transfer, which generally makes the 
sorbent more effective. Polymeric sorbents have considerably more capacity for polar 
compounds. For example, when isolating polar aromatic compounds from water, 
Hennion and Pichon 16 have reported capacities of 20 to 40 times greater for the 
polymeric phase than for the most hydrophobic C-l 8 phase. This increased capacity is 
important when low detection limits are required. Another advantage of the polymeric 
sorbent over the silica-based sorbent is its tolerance for both high and low pH. Polymeric 
sorbents are stable at pHs from 2.0 to 12. 
The graphitized carbon sorbents are making a comeback in the area of trace 
enrichment of contaminants from water samples. A series of studies by Di Corcia and 
colleagues17 have shown the usefulness of carbon sorbents for the trace enrichment of 
many classes of pesticides. These sorbents are sometimes the only sorbents capable of 
trace enrichment of many extremely polar organic solutes. Apparently, they not only 
have the hydrophobic effect and high surface areas for sorption but also the potential for 
specific interactions with the analyte. It is thought that the graphitized carbon contains 
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carbon-oxygen complexes (positively charged sites) that act as anion-exchange sites in 
the presence of acidified water samples and allow for the sorption of extremely polar 
analytes. Thus the carbon polymers act as a mixed-mode sorbent (reverse phase and anion 
exchange) with high capacity. A negative aspect of the carbon sorbents is the irreversible 
sorption of analytes to specific sorption sites on the carbon. Furthermore, the analytes are 
somewhat retained even in organic solvents.1' For these reasons, elution of the cartridge 
in the reverse direction has been advocated. 
4. Mixed-mode SPE 
The deliberate use of two different functional groups on the same sorbent is called 
mixed-mode SPE. Generally, the isolation involves both reversed phase and cation 
exchange. An example of a mixed-mode is shown in Figure 2. In this example, the 
compound (a herbicide) is bound both by reversed-phase bonding on the hydrocarbon and 
aromatic portion of the molecule, and at the same time, the amino functional group is 
protonated by the strong cation-exchange site of the sorbent. 
Reversed Phase 
Ion Exchange 
Figure 2. An example of mixed-mode SPE. 14 
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Figure 3 shows an example of how the mixed-mode separation works and is 
further summarized by studies carried out by Dixit and Dixit,18 Chen and co-workers 
(1992),19 and Mills and co-workers(1993)20. 
Four steps are involved in mixed-mode SPE. As an example, the analysis of 
benzoylecgonine, a pharmaceutical product in urine, is used to illustrate the four steps. 
The hydrophobic portions of benzoylecgonine, such as the methyl group, aliphatic ring 
and aromatic ring, can all have interaction with the long hydrophobic carbon chain in the 
mixed-mode sorbent. The nitrogen atom can also interact with the sulfonic group via 
hydrogen bond formation. The stepwise procedures are listed below: 
Step 1: A urine sample is loaded onto the mixed-mode sorbent with a potassium 
phosphate buffer; the resin at this point is converted to potassium form. The urine may 
contain a mixture of cationic species. Dionized water (DI) is washed through the sorbent 
to remove the excess salts and water-soluble organic compounds. 
Step 2: 0.1 N HC1 is used to rinse the sorbent which converts the carboxyl anion 
to a carboxylic acid. 
Step 3: The excess acid is removed with DI water and then rinsed with methanol 
to remove organic interferences that do not contain nitrogen. Thus, the methanol rinse 
breaks the hydrophobic bond but not the cation-exchange bond. 
Step 4: Benzoylecgonine is eluted with a mixture of ethyl acetate, methanol, and 
2% ammonium hydroxide (80:18:2 by volume). This eluent breaks both mechanisms of 
sorption and elutes the benzoylecgonine for further analysis by gas or liquid 
chromatography. 
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Figure 3. Scheme of the mixed-mode separation.14 
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The mixed-phase SPE has been widely used in the isolation of drugs and 
metabolites from urine and blood. The mixed-mode application may be applied to nearly 
all basic and amphoteric drugs. Table 1 shows a list of drugs that may be separated and 
isolated by mixed-mode sorbents. 
Although the mixed-mode SPE has been widely used in clinical and pharmaceutical 
analysis, it can only handle small volumes of sample (approximately 5 mL). In order to 
achieve desired instrumental detection limits, preconcentration of the extract is usually 
required. During this preconcentration step, the concentration of the analyte is increased 
by using an inert gas to "blow down" the solvent, which enters and thus pollutes "the 
atmosphere. 
Table 1. A List of Drugs That may be Separated and Isolated by 
Mixed-mode Sorbent 
Acepromaz ine Ephed r ine Oxycodone 
Ace taminophen F e n t a m y l Ph?nethylamine 
A m p h e t a m i n e H y d r o m o r p h o n e Procaine 
Barbi tura tes K e t a m i n e P C P 
Benzoylecgonine L i d o c a i n e Propoxyphene 
C a f f e i n e M e t h a d o n e Phenylpropanolamine 
C o d e i n e M o r p h i n e Quin ine 
C o t i n i n e N a l o r p h i n e Tetracaine 
D i a z e p a m Nico t ene Theophyl ine 
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C. Ionic surfactant cloud point extraction method 
1. Background 
Cloud point extraction is a new preconcentration technique that has emerged in 
recent years. Cloud point extractions using nonionic surfactants are a proven alternative 
to liquid-liquid and solid-phase extraction methodologies.21'22 In cloud point extractions, 
a nonionic surfactant is added above its critical micelle concentration (CMC) to an 
aqueous sample containing organic compounds of interest. The solution is then heated 
above the cloud point temperature of the nonionic surfactant, resulting in a "cloud" 
formation. This solution is then centrifuged and a biphase system is produced consisting 
of micelle rich and aqueous phases. The micelle rich phase contains the concentrated 
partitioned analytes. An aliquot of the micelle rich phase is then injected into a high 
performance liquid chromatograph (HPLC) for analyte separation and detection. 
Surfactants used in cloud-point extraction are not flammable and are generally 
i j 
non-toxic to humans." Surfactant are also relatively inexpensive compared to costs 
associated with organic solvent usage. The major drawback with nonionic surfactants is 
that a majority of these materials contain ultraviolet chromophores ~ a major obstacle in 
performing analysis using an ultraviolet/visible detector. A high background is obtained 
when injecting an aliquot of the micelle phase making analysis of trace analytes 
impossible.25 The UV/Vis detector is the one most commonly used for HPLC. Seventy-
one percent of all currently utilized HPLC's are coupled to a UV/Vis detector. Reasons 
for the popularity of this detector are a relatively low price compared to other detectors, 
* 27 
and most organic molecules contain a chromophore. Various schemes have been 
developed to overcome the drawback of not being able to use the ultraviolet detector with 
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nonionic surfactants. Fluorescence detection has been used, but is limited to analytes 
containing fluorophores, such as polycyclic aromatic hydrocarbons.28 Organophosphorus 
pesticides have been determined using the nonionic surfactant Triton X-114. An 
electrochemical detection procedure was required due to the highly absorbing phenyl 
group in this surfactant." Zwitteronic surfactant extraction has been used to overcome 
the limitation of not being able to use the UV/Vis detector. These surfactants do not 
contain a strongly absorbing UV chromophore and therefore seem to be an ideal solution. 
This method has provided percent recoveries of analytes ranging 88 to 96 percent. 
However, one major drawback of Zwitteronic surfactants is that they are considerably 
more expensive than nonionic surfactants.30 This cost factor will most likely decrease 
their practicality over the use of traditional organic solvents for analyte extractions. 
Our laboratory is currently using an inexpensive ionic surfactant-Cetrimide that 
overcomes the limitation of cloud-point extraction with the UV/Vis detector. This ionic 
surfactant mixture consists primarily of tetradecyltrimethylammonium bromide and minor 
amounts of its C12 and Cm homologs. Unlike many nonionic surfactants, the components 
of Cetrimide do not contain a chromophore. In our approach, a cloud formation is 
obtained at ambient conditions unlike nonionic surfactant that require heating. The ionic 
surfactant extraction procedure is illustrated in Figure 4. The Cetrimide cloud point is 
achieved by the "salting out" phenomenon.31 Saturated sodium chloride is added to the 
ionic surfactant-containing solution. The addition of the salt greatly lowers the solubility 
of the surfactant in the aqueous phase and creates a separated micelle rich phase in a 
fashion similar to the cloud point heating procedure for nonionic surfactants. An aliquot 
of the micelle rich phase is then be injected into a HPLC coupled to a UV/Vis detector. 
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Background interference has proven not to be a problem with this surfactant mixture. We 
believe this type of procedure will have a more widespread appeal than nonionic cloud 
point extractions since HPLC system with UV/Vis detection may be used. Additionaly, 
this procedure further benefits by not being plagued with maintaining a certain 
temperature for phase separation. Elevated temperatures are necessary for achieving the 
cloud point of nonionic surfactants and must be maintained or the two phases will 
become one, making handling procedures difficult. The possibility of thermal 
degradation of analytes exists for nonionic surfactant cloud point determinations, whereas 
cloud points for ionic surfactants are achieved at ambient temperatures. The method 
described in this thesis uses Cetrimide for cloud extractions, and is applied for the 
determination of selected chlorinated phenols in drinking water. Chlorinated phenols are 
pollutants produced as bi-products from industrial chlorination processes such as water 
treatment facilities. With the described technique, we have successfully extracted these 
compounds, separated and quantified them. Recoveries greater than 90 percent and 
detection limits below 50 parts-per-billion have been achieved." 
2. Advantages and disadvantages for ionic surfactant extraction procedure 
The benefits of this technique are readily apparent. It is a simple, inexpensive 
procedure using nontoxic chemicals. The detection limits, however, may prove 
acceptable for determining phenols in drinking water but may be too high for determining 
other analytes. The concentrating effect is directly related to the detection limit of the 
cloud point extraction method. In this procedure, four grams of sodium chloride are 
added to a 10 ml solution to induce cloud point formation. For practical purpose this 
14 
4 
i 
I 
aqutcus solution 
containing 
analyt* and ionic 
surfactant 
ultrasound 
» i in 
salt 
salt 
ultrasound 
centrifugation 
surfactant rich 
layer 
Figure 4. Procedure for extraction with ionic surfactant (Cetrimide).32 
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sample amount is easy to handle. A large sample would require a proportionally greater 
amount of salt, making the procedure cumbersome. The current technique is limited to 
concentrating those analytes contained in a 10 mL sample and is considered a drawback 
for this method. 
D. Immobilized surfactant extraction method 
An immobilized surfactant extraction procedure has displayed promise in 
overcoming this limitation in our laboratory. In this procedure, the cationic surfactants in 
Cetrimide are allowed to ionically bind to a strong cation exchange resin. Following this 
step, a solution ranging from 50 to 500 mL will pass through this surfactant-bonded resin 
and analytes in the solution become adsorbed on the non-polar chain of the surfactant and 
the sulfonic acid group in the resin. The hydrophobic group of the analyte molecule will 
have interaction with the long carbon chain (Ch) by van der Walls forces, and the polar 
groups of the analyte molecule will have interaction with the sulfonic acid groups in the 
resin by hydrogen bonding. The former interaction has a lower energy, which is easy to 
destroy. And the later interaction has a higher energy, which is not easy to destroy. 
Therefore, the analytes are retained on the resin in this way. Once this step is completed, 
a small amount of saturated sodium chloride solution is added to the resin. Sulfonic acid 
groups will convert to the Na+ form. The surfactant molecules trapping analytes will 
partition into solution. The mixture is then filtered. The entire solution will undergo 
further concentration as the previous cloud point extraction procedure.32 
Presented in this thesis is a method development for an immobilized surfactant 
extraction technique. This procedure is accessed in terms of percent recovery and limits 
of detection by using several chlorophenols as target analytes. The recovery for some 
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selected chlorophenols are as high as 90 percent, and the detection limits are as low as 10-
parts-per billion. The possible mechanism of this extraction procedure is discussed. 
CHAPTER II 
EXPERIMENTAL 
A. Materials 
1. Resins: 
DOWEX Fine Mesh Spherical Ion Exchange Resins. These resins are strongly 
acidic. Table 2 lists resins used in the experimental work. Before use, the resin must be 
soaked in water to allow for swelling. The resin is then washed using ten column 
volumes of deionized water. 
Table 2. Cationic Ion Exchange Resins 
Cation Resins DOWEX 
50WX8 
DOWEX 50WX8 DOWEX 50WX8 
Mesh Size 25-50 50-100 100-200 
Ionic Form H+ H+ H+ 
Water Retention 
Capacity (%) 
50-54 50-56 50-58 
Total Exchange 
Capacity (meq/ml) 
1.7 1.8 1.7 
Lbs. Per Ft3 50 50 50 
17 
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2. Reagents: 
Cationic surfactant: Cetrimide, analytical grade, m.p. 239°C, purchased from 
Aldrich Chemical Co. The pH of 0.1 g/mL Cetrimide solution is 6.5. 
Phenols: 4-chlorophenol, 2,4-dichlorophenol, 2,6-dichlorophenol, 2,4,6-
trichlorophenol, 2,4,5-trichlorophenol. All these chemicals are analytical grade and 
purchased from Sigma Chemical Co. 2- chlorophenol and 4-chloro-3- methylphenol are 
analytical grade and were purchased from Aldrich Chemical Co. 
A stock solution of 1000 jig/mL of each chlorophenol was prepared by dissolving 
the corresponding chlorophenol in methanol (HPLC grade). The solutions were diluted to 
prepare the appropriate standards. 
Sodium chloride and 1-octanol are of analytical grade and purchased from J. T. 
Baker Chemical Co. 
Ultra-high-quality water was obtained from a Barnstead NANOPure II 
purification system. 
Calcium chloride dihydrate, analytical grade, was purchased from Mallinckrodt, 
INC. 
B. Instrumentation 
1. Wrist Action Shaker, Model 75, Burell. 
2. IEC HT Centrifuge, Damon/IEC Division. 
3. pH meter, Orion Model SA 520. 
4. High Performance Liquid Chromatographic System 
Pump: Varian 9012 pump 
19 
Detector: Varian 9050 UV/Vis detector 
Integrator: Shimadzu CR 601 Chromatopac 
Sample loop: 20 pL 
Column: C-l8 reverse phase, 4.6 x 250 mm, particle size 5 pm, Beckman Inc. 
5. Water vacuum system 
C. Experimental Procedures 
1. Procedures for confirmation of surfactant bonding to ion exchange resin. 
Trimethyl tetradecvlammonium Cetrimide solution was prepared by addition of 
6.05 g Cetrimide to 60 mL deionized water. The solution was stirred for 10 minutes. The 
pH of the resulting solution was 6.51. 
Cationic resin was pretreated by placing 10 g of 50-100 mesh in 50 mL deionized 
water and let stirred for 24 hours. The swelled resin was then filtered and washed with 
200mL deionized water for 3 times. The Cetrimide solution was then added to the resin 
placed in a 250 mL beaker. The pH of the mixture was then measured at 0, 0.5, 1.0, 2.0, 
3.0, 6.0, 12.0, 24.0, 45.0 hours under constant stirring. 
2. Optimization of the mesh size of resin and exchange reaction time. 
Three types of DOWEX cation exchange resins (25-50 mesh, 50-100 mesh, and 
100-200 mesh) were studied for suitability. For each resin 100 g was weighed and added 
to 250 mL deionized water. The mixture was allowed to equilibrate. The swelled resin 
was then filtered and washed with 500mL of deionized water for 3 times. Cetrimide 
(60.5 g) and 250 mL deionized water were added to the resin. The mixture was stirred 
intensively for 14 hours. The resin was washed with DI water to pH 6-7 by using eight 
times the volume of resin. A 1.1 X 20 cm Pyrex column was assembed. A 10 ppb of 2-
2 0 
chlorophenol solution was passed through the column. The analyte (2-chlorophenol) was 
retained in the column. The resin was removed and placed in a beaker. Ten milliliters of 
deionized water and eight grams of sodium chloride were added to the resin and the 
mixture was stirred for one hour. The resin was filtered and collected. Sodium chloride 
(2.0 g) was added to the solution and the mixture was shaken for 5 minutes. An 
appropriate amount of 1-octanol was added to the solution to create a cloud point. The 
solution formed two phases in 15 minutes; the upper layer was the Cetrimide-enriched 
phase which contained 2-chlorophenol. An aliquot of the surfactant rich phase was 
injected into an HPLC with Methanol and DI water (50 : 50) as mobile phase to 
determine the concentration of analyte. 
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Scheme of the experimental procedure for immobilized surfactant extraction 
technique 
• Sample so lu t ion 
14 hours, Stir 
DI water wash 
Resin + Cetrimide i l 
s z ' j 
C e t r i m i d e fo rm resm 
'J-r 
f 
Stir 1 hr Filter 
- > 
Resin + water + NaCl 
cloud point 
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4. The optimized experimental procedure: 
A cationic resin mesh with a size ranging from 50 to 100 is optimized. The mass 
ratio is 5 : 2 for resin to Cetrimide. The pretreating time is 14 hours under stirring 
condition. Then the Cetrimide form resin is washed completely using deionized water. A 
10 cm high column (dimeter 1.1 cm) is assembed. Sample flow rate is controled at 1 - 2 
ml/min. After sample goes through column, the resin is pulled out from the column. 
About four and half to five grams of sodium chloride and three milliliters of deionized 
water are added to the resin. The mixture is stirred for one hour. (Note: Try to prevent 
Cetrimide bubbles from occurring in this process, because it will decrease the recovery. 
Suggestion for use of either of these two magnetic stir modes: (1) Magnestir, S8290, 115 
Volts, 50/60 hertz, Scientific Products, McGAW Park, Illinois. (2) Magnestir, CAT. 
1250, 120 Volts 50/60 CY. LAB-LINE INSTRUMENTS, Inc. Melrose Park, IL.). By an 
ion exchange reaction, the Cetrimide molecules will be exchanged from the resin. After 
this step, the mixture is filtered completely. The solution is collected and 2 g sodium 
chloride is added. The mixture is shaken for two minutes intensively, then 6 |iL of 1-
Octanol is added to the solution, shake for one minute. If the cloud point does not form, 
add another 1 f.iL of 1-Octanol to the solution and shake for one minute again. Repeat 
this step until a cloud point forms. Normally, 7-8 j^ L of 1-Octanol is needed for making a 
good cloud point. The surfactant rich phase is around 1.0-1.5 mL. 
CHAPTER III 
RESULTS AND DISCUSSION 
A. Optimization of the mesh size of resin 
The experimental results indicated that, for same the amount of resin, different 
mesh size resins exchange different amounts of Cetrimide per unit time. In our 
experiment, the resin should have the following characteristics: (1) optimum exchange 
ability with Cetrimide, (2) quick exchange ability, and (3) ease of cloud-point formation. 
The experiment was designed to evaluate the exchange ability for three different 
mesh size resin (25-50 mesh, 50-100 mesh and 100-200 mesh). The experimental 
conditions are described in Part C in Chapter II. A sample solution of 2-chlorophenol is 
used as the analyte. 
The data in Table 3 resulted from 25-50 mesh resin. After the Cetrimide form of 
the resin, which carries analytes, was converted into the sodium ion form, Cetrimide 
molecules partition from the resin with analytes. The mixture was filtered, just small 
amount of Cetrimide bubbles, which contained Cetrimide, water and analytes, came out. 
The amount of bubbles is directly proportional to the amount of analyte trapped inside. 
Therefore, although the pretreating time was long (72 hours), only a small amount of 
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Cetrimide reacted with the 25-50 mesh resin. This optimization resulted in low 
recoveries. 
Table 3. Optimization of the 25-50 Mesh Size Resin 
Sample Volume of Cone. of Recovery 1-Octanol 
upper 
layer(mL) 
upper 
layer(ppm) 
(%) needed (|J.L) 
lOOppbx100ml 0.6 4.4 26.4% 8 
lOOppbx100ml 0.6 3.47 20.8% 8 
lOOppbx100ml 0.46 4.53 20.8% 8 
20ppbx100ml 0.6 1.7 51% 8 
20ppbx100ml 0.6 1.5 45% 7 
20ppbx100ml 0.8 1.25 50% 6 
Table 4. Optimization of the 100-200 Mesh Size Resin 
Sample Volume of Cone. of Recovery 1-Octanol 
upper 
layer(mL) 
upper 
layer(ppm) 
(%) needed(|xL) 
lOOppbx100ml 3.5 1.4 48.4 44 
lOOppbx100ml 3.76 1.1 41.4 48 
lOOppbx100ml 4.0 1.1 44.3 48 
lOOppbx100ml 3.8 1.3 49.4 48 
The data in Table 4 resulted from the use of 100-200 mesh size resin. From this 
experiment we found 100-200 mesh size resin readily exchange Cetrimide — as 
confirmed by the sharp pH changes in the reaction mixture at the beginning of the first 
hour. After the Cetrimide form of resin was converted into the sodium ion form, the 
mixture was filtered. A large amount of Cetrimide bubbles came out. However, since the 
particle size was small, it was very difficult to filter — thus leading to a loss of analyte. 
Therefore, the recoveries were poor. 
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Table 5. Optimization of the 50-100 Mesh Size Resin 
V o l u m e o f C o n e . o f R e c o v e r y 1 -Oc tano l 
S a m p l e u p p e r Iayer (ml) u p p e r 
l a y e r ( p p m ) 
(%) n e e d e d ( ^ l ) 
lOOppbx100ml 3.1 2.89 89.6 40 
lOOppbxlOOml 4.1 2.15 88.2 32 
iOOppbxlOOml 4.1 1.98 81.2 48 
lOOppbxlOOml 4.6 1.69 77.7 48 
Table 5 depicts the data using the 50-100 mesh size resin. From this experiment, 
we found, after 72 hours of pretreatment, the 50-100 mesh resin could exchange 
Cetrimide easily and was easy to filter. The recovery was high; however, it was difficult 
to form a cloud point requiring large amount of 1-Octanol. 
Comparing the experimental results derived from 25-50 mesh, 50-100 mesh and 
100-200 mesh size resins, we found the 50-100 mesh resin to be best suited for the 
extraction procedure. Pretreatment time and the appropriate column height were also 
parameters that needed to be optimized. Therefore, we conducted further experiments for 
optimizing the pretreating time and the column length. 
B. Confirmation of bound surfactant molecules on ion exchange resin 
Measurement of the amount of Cetrimide involved in the exchange reaction in 
a specific reaction time was conducted. The experimental procedure is described in Part 
C in Chapter II. Five samples composed of 10 grams resin and 60 mL DI water were 
measured. 
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The exchange ability of 10 grams 50-100 mesh cationic exchange resin is about 
0.018 mol (18 meq). This amount corresponds to 0.065 grams of Cetrimide per gram of 
resin. At the beginning of each reaction, the total amount of Cetrimide used was 6.05g. 
The solution volume was 0.06 L, and the H+ concentration (M) in the solution at 
the beginning of each reaction can be represented as 10"pH'. H+ concentration in solution 
after several hours is represented as 10"pH". After a given reaction time, the moles of 
Cetrimide exchanged can be given as V x [H ] = V x (10"pH" - 10"pH'). The molecular 
weight of Cetrimide is 336.12 g/mole; therefore the mass (g) of Cetrimide exchanged is 
equal to V x (10"pH" - 10"pH') x M.W. 
The exchange results are displayed in Appendix I and II. Figure 5 shows the 
change in pH with the reaction time. Figure 6 shows the relationship between the amount 
of Cetrimide exchanged with cationic exchange resin and the reaction time. The 
exchange reaction is shown below: 
- S O 3 H + B r N ( C H 3 ) 3 ( C H 2 ) i 3 C H 3 -S63N+(CH3)3(CH2)i3CH3 + HBr 
resin in surfactant surfactant bound to resin 
Hydrogen form 
From Figure 5 it is seen that during the first half-hour of reaction, the pH 
decreases sharply. This figure illustrates that the exchange reaction can take place 
quickly at the beginning, but after two hours, the reaction rate becomes slow. From 
Figure 6 we see, after 12 hours, 3.7 g Cetrimide (about 62 percent of the total amount of 
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Cetrimide) was exchanged onto the resin. After 45 hours, 5.4 g Cetrimide (about 90 
percent of the total amount of Cetrimide) was exchanged onto the resin. 
React ion l ime (hour) 
Figure 5. Change in pH with reaction time 
K) OQ 
100 -, 
0 5 10 15 20 25 30 35 40 45 50 
React ion t ime (Hour) 
Figure 6. Percent of total amount of Cetrimide reacted with resin Vs. reaction time 
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C. Optimization of the pretreatment time 
Following the experiment procedure of Part C in Chapter II, 80.0 g of 50-100 
mesh resin was reacted with 32.0 g Cetrimide (Mass Resin : Cetrimide = 5 : 2 ) . We 
examined the exchange reaction time from 12 to 72 hours. By using 50-100 mesh resin 
(Mass Resin : Cetrimide = 5 : 2 ) , pretreatment time of 12 hours, and a column height of 
10 cm, results in Table 6 were obtained: 
Table 6. Optimization of the Pretreating Time and Column Height 
Volume of Cone, of Recover,' 1-Octanol Flow rate 
Sample upper 
layer(ml) 
upper 
layer(ppm) 
(%) (MO (ml/min) 
5 0 0 m l x l 0 p p b 1.2 2.2 53 7 2 
2 5 0 m l x l 0 p p b 1.54 1.59 84 8 1-2 
lOOmlxlOppb 1.0 0 .84 97 8 1.5 
5 0 m l x l 0 p p b 0.92 0.71 110 8 1 
The following observations can be made concerning data gathered from the above 
procedure: 
(1) Recoveries are good for 100-250 ml 10 ppb solutions (84-110%). 
(2) A 10 cm column could handle 50-500 mL solution. Based on the recoveries, the 
working range is 100-250 mL solution. 
(3) Only 7-8 pL of 1-Octanol was necessary to form a cloud point. The amount of 
cosurfactant needed is directly propotional to the amount of Cetrimide obtained 
from the filtration step. 
(4) The resin is easily filtered after the Cetrimide form of the resin is coverted to the 
sodium form. 
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(5) The necessary pretreatment time was reduced from 72 hours to 12 hours. 
D. The effect of sample concentration on recovery 
Keeping all other experimental conditions the same, we determined 100 mL of 
100 ppb, 50 ppb, 20 ppb, 10 ppb, and 5 ppb 2-chlorophenol solution individually. The 
results are shown in Appendix III. Figure 7 illustrates the percent of recovery. 
When the sample concentration is high, a portion of analytes go through the 
column without being retained. The reason may be the limited retaining ability of this 
kind of sorbent. The recovery decreases with increasing sample concentration. 
E. Effect of the flow rate on recovery 
The recoveries of 2-chlorophenol were examined at various flow rates using 100 
mL to 500 mL of 10 ppb 2-chlorophenol solution. The results are shown in Appendix 
IV, and based on this data, Figure 8 was prepared. 
Figure 8 indicates that the sample flow rate can effect the recoveries significantly. 
For 500 mL of a 10 ppb 2-chlorophenol solution, and a flow rate of 2.0 mL/min, the 
average recovery was 53.3%, when the flow speed increased to 3-4 mL/min, the average 
recovery decreased to 26.6%. For 100 mL of a 10 ppb 2-chlorophenol solution, the 
average recovery was 89.1% at a flow rate of 1.0 mL/min, at a flow rate of 1.5 mL/min, 
the average recover)' decreased to 81%. Obviously, an increase in the flow rate will result 
in a recovery decrease. The cause is presumed to be analytes passing through the column 
without sufficient time to establish equilibrium with the resin-surfactant sorbent. On the 
other hand, when the flow rate is decreased, the analytes have enough time to interact 
with the resin-surfactant sorbent and become bound. 
Figure 7. Effect of sample concentration on recovery for 2-chlorophenol 
OJ to 
rn 
TOO 
Flow speed (mL/min) 
Figure 8. Effect of flow speed on recovery 
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F. Effect of Cetrimide and 1-Octanol needed in a cloud point formation 
For cloud point formation, it was found that the amount of 1 -Octanol needed was 
proportional to the amount of Cetrimide contained in the solution. Also, the amount of 
Cetrimide contained in the solution was proportional to the amount of Cetrimide attached 
to the resin. Therefore, it is necessary to know the effect of the amount of Cetrimide 
added in the pretreatment process to the amount of 1-Octanol needed to form a cloud 
point. Following the experimental procedure of Part C in Chapter II, all other conditions 
were maintained with the exception of varying the amount of Cetrimide added. 
With the mass ratio of resin and Cetrimide of 5 : 3, and after the addition of 
sodium chloride to the Cetrimide bound resin, the mixture became viscous. The solution 
was very difficult to filter. Also, the amount of 1-Octanol needed to form a cloud point 
was large (48 pL needed for each sample). Therefore, we decreased the amount of 
Cetrimide used and maintained a mass ratio of resin and Cetrimide at 5 : 2. 
By decreasing the amount of Cetrimide, we found the mixture was more easily 
filtered. The volume of co-surfactant (1-Octanol) needed for forming a cloud point was 
stable (7-8 pL). For a 100 mL, lOppb sample, we obtained good recoveries (83.0 -
92.4%). 
G. Effect of sample volume on the recovery 
By maintaining a sample concentration of 10 ppb 2-chlorophenol and other 
experimental variables the same, the sample volume was varied to determine the effect on 
recovery. The results of this experiment are shown in Appendix V. 
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Figure 9. Effect of sample volume on recovery for the same analyte concentration 
LO 
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Figure 9 clearly shows that the percent recoveries decrease with increasing sample 
volume. When the sample volume is large (e.g. 1000 mL), a 10-cm high column does not 
have enough extraction capacity to retain all analytes from sample. When the sample 
volume is small (e.g. 50-100 mL), a 10-cm high column displays a relatively good 
recovery. Therefore, it is realized that sample volumes between 50 and 100 mL are 
optimum. 
H. Extraction and determination of seven chlorophenols from deionized water 
Reaction conditions for this experiment as follows: Five parts of resin and two 
parts of Cetrimide (by mass) were mixed together and stirred for 14 hours. A 10-cm high 
column was assembed. The flow speed was controlled at 1.5 mL/min. The amount of 
cosurfactant (1-Octanol) added was 7-8 pL. 
The experimental results are shown in Table 7. By using this extraction 
technique, we can obtain a good recovery for 2-chlorophenol, 4-chlorophenol, and 4-
chloro-3-methylphenol. The possible reason is that the aromatic rings in the molecules of 
2-chlorophenol, 4-chlorophenol, and 4-chloro-3-methylphenol can have strong interaction 
with the long carbon chain in the surfactant-resin sorbent by van der walls forces. Also, 
the methyl group in the 4-chloro-3-methylphenol molecule can have interaction with the 
long carbon chain. The reason the recoveries for 2,4,6-trichlorophenol and 2,4,5-
trichlorophenol are low compared to 2-chlorophenol, 4-chlorophenol, and 4-chloro-3-
methylphenol is that there are three chloro substitutents in each of the former molucules. 
These substitute groups are highly polar. One possible explanation is that they can 
prevent the aromatic rings from interacting with the long carbon chain of the surfactant 
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which is hydrophobic. Therefore, 2,4,6-trichlorophenol and 2,4,5-trichlorophenol have a 
decreased interaction with the hydrocarbon which results in a lower recovery. 
Table 7. Extraction of Seven Phenols from a 200 mL of 10 ppb 
Deionized Water Solution 
Analytes Percent Recovery Sd. Devn. 
1 2 3 Avg. 
2-chlorophenol 85 81 81 83.3 2.3 
4-chlorophenol 79 77 75 77 2.0 
2,6-dichlorophenol 77 74 73 73.6 2..1 
4-chloro-3-methylpheno 86 82 85 84.3 2.1 
2,4-dichlorophenol 51 51 54 52 1.7 
2,4,6-trichlorophenol 25 52 36.7 11.2 
2,4,5 -trichlorophenol 60 61 58 59.6 1.5 
By using this extraction technique, we also extracted the seven chlorophenols 
from 250 mL of 10 ppb deionized water. The experimental results are shown in Table 8. 
Compared to the results in Table 7, we can see, for 2-chlorophenol, 4-chlorophenol, 2,6-
dichlorophenol, 2,4,6-trichlorophenol and 2,4,5-trichlorophenol, the corresponding 
recoveries decrease slightly. The reason is that a 10-cm high column does not have 
enough extraction capacity for a 250 mL sample volume. For 4-chloro-3-methylphenol 
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and 2,4-dichlorophenol, the recoveries increase slightly, it may be caused by experimental 
deviation. 
Table 8. Extraction of Seven Phenols From A 250 mL of 10 ppb 
Deionized Water Solution 
Analytes Recovery Sd. 
1 2 3 Ave. 
2-chlorophenol 83 75 76.7 78.2 4.2. 
4-chlorophenol 77 70 70 72.3 4.0 
2,6-dichlorophenol 59 62 63 61.3 2.1 
4-chloro-3-methylpheno 81 96 87 88 7.5 
2,4-dichlorophenol 77 69 51 65.7 13.3 
2,4,6-trichlorophenol 17 19 11 15.7 4.2 
2,4,5 •-trichlorophenol 48 46 44 46 2.0 
I. Extraction and determination of five chlorophenols from soft water, hard water 
and verv hard water 
In this experiment, we tested the effect of the water hardness on this extraction 
technique using five chlorophenols. The reaction conditions are described in Part. C in 
Chapter II. The sample solution was prepared by adding Calcium chloride dihydrate. As 
an equivalent mass of Calcium carbonate, the calcium carbonate (CaCOs) concentrations 
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in soft, hard and very hard water solutions are 30 mg, 150 mg and 215 mg, respectively. 
The experimental results are displayed in Appendix VI. 
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Figure 10. Effect of water hardness on five chlorophenols 
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As seen in Figure 10, the calcium ions are detrimented to this extraction 
technique. As the water hardness increases, the recovery decreases. The affinity of 
calcium ions exceeds that of the Cetrimide. Calcium ions can veiy easily displace the 
quatenary ammonim ions from the cationic resin. Therefore, the retention for the 
phenolic analytes is decreased yielding a low recovery. 
J. Linear Range for seven chlorophenols 
1. Calibration Curve 
Calibration curves for the chlorophenols dissolved in Cetrimide solution are 
obtained by plotting the peak areas versus the concentration of the analyte from a series of 
standard solutions as pictured in Appendix VII. Lineary is defined as the region where 
the slope of the log-log plot approximately equals to one. 
In the above experiments, we tried seven chlorophenols. All percent recoveries 
were calculated based on the peak areas from the appropriate calibration curve. The 
experiment data is listed in Appendix VII. 
2. Detection Limits 
The detection limit is defined as that analyte concentration whose peak height is 
three times that of the average of the root-mean square (rms) noise given by 
Cl - 3<Jrms/S 
C l is the minimum detectable concentration of the analyte, a r m s is the root-mean square 
of the noise, and the S is the sensitivity or slope of the calibration curve. The rms noise is 
the standard deviation of the single derived from n measurements to express the noise 
magnitude. The rms of the noise is estimated to be 1/5 of the peak to peak noise (Ep.p) 
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(24-26). The sensitivity or slope is calculated by using the lowest three concentrations 
and the zero point of the calculation curves as shown in Appendix VII. Detection limits 
of each each chlorophenol are presented in Table 11 
Table 9. Detection Limits of Each Chlorophenol (LOD) 
Compound Peak height, cm LOD, ppm 
2-ehlorophenol 6.5 0.07 
4-chlorophenol 0.7 0.06 
2,6-dichlorophenol 0.85 0.05 
4-chloro-3-methylphenol 1.1 0.04 
2,4-dichlorophenol 0.7 0.06 
2,4,6-trichlorophenol 2.01 0.02 
2,4,5-trichlorophenol 1.4 0.03 
K. The possible mechanism for immobilized surfactant extraction method 
When the cationic exchange resin reacted with Cetrimide (Mass: Resin:Cetrimide 
= 5:3) for 12 hours, about 62% of sulfonic acid groups in the resin were coverted to the 
Cetrimide form. Therefore, approximately 38% of sulfonic acid groups remain. These 
two types of functional groups -exist on the resin, which can have interactions with 
analytes. One is the C]4 long carbon chain, which comes from Cetrimide molecule. The 
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other is the sulfonic acid group, which comes from cationic resin. We call the Cetrimide 
form cationic exchange resin Immobilized-Surfactant Extraction Sorbent. 
Figure 11 shows the possible mode of this sorbent. It resembles a SPE extraction 
sorbent. The long carbon chains of the Cetrimide molecules can act as a reverse phase 
adsorbent. The sulfonic acid groups in the resin act as ion exchange sites. However, the 
immobilized surfactant extraction sorbent has a major difference compared to a mixed-
mode SPE extraction sorbent. The long carbon chain (reverse phase) in a mixed-mode 
SPE extraction sorbent can not be removed from the sorbent. It needs an organic solvent 
to elute the analytes, which are trapped in the long carbon chain. For the immobilized 
surfactant extraction sorbent, the long carbon chain can be removed from the sorbent 
easily after trapping analytes from sample solution by an ion exchange reaction. 
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Figure 11. The possible mode of the immobilized surfactant extraction sorbent 
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Figure 12. Sceme of how the immobilized surfactant extraction sorbent works 
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Figure 12 shows a possible example of how the immobilized surfactant extraction 
sorbent works. In this example, the 4-chloro-3-methylphenol is used as analyte. The 
reverse phase portion in the sorbent is hydrophobic. It will have interactions with the 
hydrophobic groups of analytes (aromatic ring and methyl group) by van Der walls force. 
The ion exchange sites in the sorbent are hydrophilic, and will have interactions with the 
hydrophilic groups of analytes (hydroxyl group) by hydrogen bonding. In this manner, 
analytes (4-chloro-3-methvlphenol) can be retained by the immobilized surfactant 
extraction sorbent. 
After analytes are held in the resin matrix. The next step is to convert the resin 
into the sodium form by adding a saturated sodium chloride solution. Because the 
sodium ions' affinity is larger than that of the hydrogen ions and cetrimide ions (See 
reaction (2)), the analytes will partition from resin with cetrimide molecules and will be 
trapped in the cetrimide molecules. 
There are two exchange reactions involved in the entire scheme: one is to convert 
the hydrogen form of the resin into surfactant (Cetrimide) form; another is to convert the 
surfactant (Cetrimide) form resin into the sodium form. 
(1) - S O 3 H + BrN(CH3)3(CH2)13CH3 -S63N+(CH3)3(CH2)i3CH3 + HBr 
cationic resin in 
Hydrogen form surfactant surfactant (Cetrimide) 
bound to resin 
(2) -S03 N+(CH3)3(CH2)13CH3 + NaCl -S03Na + N+(CH3)3(CH2)13CH3 + Cl" 
Cetrimide form resin Sodium 
form resin Cetrimide ion 
CHAPTER IV 
CONCLUSION 
The immobilized-surfactant-extraction technique can eliminate the organic 
solvent used in lab. It uses water and surfactant as a solvent. The surfactant is nontoxic 
and is inexpensive. This procedure can also treat a relatively large volume of trace 
sample solution (50-250 mL). For selected analytes, we could obtain high recoveries 
(90%) and lower detection limits (10 ppb). Also this extraction method is compatible 
with HPLC UV/Vis detection. 
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CHAPTER V 
RECOMMENDATION FOR FURTHER STUDY 
1. We found that molecular structure can effect analyte recovery. If we use a 10-
cm high column to extract a lOppb sample solution containing 7 Phenols, we get a good 
recovery for 2-chlorophenol, 4-chlorophenol, and 4-chloro-3-methylphenol (>80%), but 
we could not get a good recovery for 2,4,6-trichlorophenol and 2,4,5-trichlorophenol. 
(around 60%). Pentachlorophenol was not detectable. It is reasonable that, if the analyte 
has poor solubility in water, has aromatic or aliphatic rings, possesses a long aliphatic 
carbon chain, or it has atoms which have lone pairs of electrons enabling hydrogen bond 
foprmation, the possibility exists for a good recovery using this technique. Basic or 
amphoteric drugs fall into this category. Also, if a functional group in an analyte molecule 
has the ability to exchange H+ from sulfonic acid sites on the resin, it should also increase 
extraction efficiency. 
2. Since the affinities of ions for the cationic exchange resin vary (Ba2+> Ca2+ » 
Na+ » +N(CH3)3 C 1 4 H 2 9 ) , Ba2+ and Ca2+ exchange the quatenary ammonim ions from 
cation resin more readily than Na+. Therefore, if we use CaCh or BaCl2 instead of NaCl 
to exchange Cetrimide from cationic exchange resin and keep all other conditions the 
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same, the exchange reaction time needed may decrease. Currently this reaction time 
requires 1 to 1.5 hours. 
3. The amount of sorbent needed for different volumes or concentrations of 
sample must be evaluated. Different amounts of sorbent should have different extraction 
capacities. In order to get a good recovery, different sample volumes and concentrations 
require different column lengths. For example, 100-200ml of 10 ppb solutions require at 
least 10-cm packed columns, and 250-500ml of 50 ppb solutions appear to require 
additional resin to enhance the extraction capacity. 
4. Water hardness affects this extraction technique greatly. Currently, we can not 
obtain a good recover}' from a solution that contains metal ions for selected analytes. 
Therefore, in order to reduce the limitation of water hardness, this extraction technique 
should be improved in the future. One suggestion is to pretreat sample solutions using 
EDTA before letting the sample go through the column. 
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APPENDIX VII 
pH Changes with Reaction Time 
No. of 
Sample 
pH in o 
hour 
pH in 
0.5 
Hour 
pH in 
1.0 
Hour 
pH in 
2.0 
Hours 
pH in 
3.0 
Hours 
pH in 
6.0 
Hours 
pH in 
12.0 
Hours 
pH in 
24.0 
Hours 
pH in 
45.0 
Hours 
1 3.51 1.41 1.14 1.06 0.91 0.76 0.74 0.64 0.56 
2 4.02 1.38 1.20 1.06 0.93 0.77 0.73 0.65 0.56 
3 4.41 1.29 1.13 1.03 0.88 0.75 0.69 0.61 0.55 
4 4.20 1.35 1.16 1.01 0.93 0.80 0.74 0.66 0.53 
5 4.48 1.31 1.18 1.03 0.91 0.76 0.72 0.63 0.55 
Ave. 4.12 1.35 1.16 1.04 0.91 0.77 0.72 0.64 0.55 
Sd. 0.389 0.049 0.029 0.022 0.020 0.06 0.078 0.02 0.01 
LOD 1.167 0.147 0.087 0.066 0.06 0.018 0.234 0.057 0.03 
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APPENDIX II 
Relationship between the Amount of Cetrimide Reacted with 
Resin and the Reaction Time 
No. of 
Sample 
The 
amount of 
Cetrimide 
reacted in 
0 hour(g) 
The 
amount of 
Cetrimide 
reacted in 
0.5 
hour(g) 
The 
amount of 
Cetrimide 
reacted in 
1.0 
hour(g) 
The 
amount of 
Cetrimide 
reacted in 
2.0 
hour(g) 
The 
amount of 
Cetrimide 
reacted in 
3.0 
hour(g) 
The 
amount of 
Cetrimide 
reacted in 
6.0 
hour(g) 
The 
amount of 
Cetrimide 
reacted in 
12.0 
hour(g) 
The 
amount of 
Cetrimide 
reacted in 
24.0 
hour(g) 
The 
amount of 
Cetrimide 
reacted in 
45.0 
hour(g) 
1 0 0.78 1.45 1.75 2.48 3.45 3.69 4.66 5.57 
2 0 0.85 1.27 1.75 2.36 3.39 3.75 4.54 5.54 
3 0 1.03 1.51 1.82 2.66 3.57 4.11 5.32 5.69 
4 0 0.91 1.39 2.00 2.36 3.21 3.69 4.42 5.93 
5 0 0.97 1.33 1.87 2.48 3.51 3.81 4.72 5.63 
Average 
Amount 
of 
Cetrimide 
reacted 
0 0.91 1.39 1.84 2.47 3.43 3.81 4.73 5.67 
Sd. 0 0.098 0.094 0.103 0.110 0.405 0.565 0.91 0.139 
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APPENDIX III 
Effect of Sample Concentration on Recovery 
Sample Recovery (%) 
100 ppb 32 
50 ppb 73 
20 ppb 83 
10 ppb 90 
5 ppb 117 
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APPENDIX VII 
Effect of Sample Flow Speed on Recoveries 
Sample Flow speed (mL/Min.) Recovery (%) 
10 ppb 500 mL 2.0 52.8 
10 ppb 500 mL 2.0 58 
10 ppb 500 mL 2.0 55 
10 ppb 500 mL 3-4 27 
10 ppb 500 mL 3-4 23 
10 ppb 500 mL 3-4 29.7 
10 ppb 100 mL 1.5 75 
10 ppb 100 mL 1.5 84 
10 ppb 100 mL 1.5 83 
10 ppb 100 mL 1.0 90 
10 ppb 100 mL 1.0 92.4 
10 ppb 100 mL 1.0 85 
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APPENDIX VII 
Effect of Sample Volume on the Recovery 
Sample volume 
50 mL 
100 mL 
250 mL 
500 mL 
1000 mL 
Recovery(%) 
"TT3 
117 
110 
"S3 
92.5 
84 
_3Q 
74 
78.7 
81 
J2 
54 
55 
52.8 
_58 
26 
23.2 
25 
Avg. (%) 
113 
87.9 
76.4 
55 
24.7 
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APPENDIX VI 
Extraction of Five Chlorophenols from Soft, Hard and Very Hard Water Solution 
59 
6 0 
Extraction of Five Phenols from a 100 mL of 50 ppb Soft Water Solution 
Analytes Recovery Sd. 
1 2 3 Ave. 
2-chlorophenol 54 51 54 53 1.7 
4-chlorophenol 49 56 52 52.3 3.5 
2,4-dichlorophenol 34 37 41 37.3 3.5 
4-chloro-3-methylpheno 58 57 61 58.7 2.1 
2,6-dichlorophenol 44 43 39 42 2.6 
6 1 
Extraction of Five Phenols from a 100 mL of 50 ppb Hard Water Solution 
Analytes Recover.' Sd. 
1 2 3 Ave. 
2-chlorophenol 18.4 23 21 20.8 2.3 
4-chlorophenol 36 46 43 41.7 5.1 
2,4-d ichlorophenol 19.4 22 25 22 2.8 
4-chloro-3-m eth ylpheno 43 47 42 44 2.6 
2,6-dichlorophenol 35 38 33 35.3 2.5 
6 2 
Extraction of Five Phenols from a 100 mL of 50 ppb Hardest Water Solution 
Analytes P.ecovery Sd. 
1 2 3 Ave. 
2-chlorophenol 11.2 20.2 17 16.1 4.5 
4-chlorophenol 36.7 30 39 35.2 4.7 
2,4-dichlorophenol 25 18 19 2.1 3.7 
4-chloro-3-methylpheno 41.5 39 42 40.8 1.4 
2,4,5-trichlorophenol 31.4 28 30.4 29.9 1.7 
APPENDIX VII 
Linear Range for Each Chlorophenol 
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